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(54) OPTICAL WAVEGUIDE 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a low-cost optical waveguide in 
which the refractive index can be easily controlled and which can be widely 
used. 

SOLUTION: Organic and inorganic hybrid films are applied by repeating a 
method of spin coating and drying on a quartz substrate as a lower clad 69 
to fonm a core layer 67 having an almost same refractive index as that of 
the lower clad 69. Then a mask 63 having a space to pass light only in the 
part to form a core and other part shielded with Or or the like against light 
is disposed on the core layer 67 and irradiated with UV laser light 61 to 
change the refractive index only in the irradiated part to form the core 65. 
Then the same organic and inorganic hybrid films as the core layer 67 are 
applied on the core layer 67 to form an upper clad 71 to complete the 
optical waveguide. By varying the irradiation time and intensity of the UV 
laser light 61, changes in the refractive index can be controlled. 
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* NOTICES ♦ 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

(Claim 1] The presentation of waveguide Organic and the gap consider as the inorganic hybrid film and choose said^ineral 
constituent from the group who consisted of condensation polymerization objects of the condensation polymerization object of a 
tetra-ethoxy silane and a tetra-ethoxy silane. a tetramethoxy silane. and a tetramethoxy silane or one matter<::^'or Optical 
waveguide characterized by raising the refractive index of organic [ said ] and the inorganic hybrid film by considering as the 
mixture of two or more matter chosen from said group, using said organic component as acrylic resin, and irradiating UV light. 
[Claim 2] Optical waveguide according to claim 1 characterized by using as a core the part into which said refractive index rose. 
[Claim 3] Optical waveguide according to claim 1 characterized by making said acrylic resin into an acrylic and silicon modified 
resin. 

[Claim 4] Optical waveguide according to claim 1 characterized by considering as the acrylic and silicori modified resin which the 
alkyi group or the alkyl group was placed [ modified resin ] between the carboxyl group contained in acrylic resin in said acrylic 
resin, and combined the trialkoxysilane radical, the alcoholic radical, or the disilane radical with it. 

[Claim 5] Optical waveguide according to claim 1 characterized by making the ratio of the organic component in organic [ said ] 
and the inorganic hybrid film into 6% - 60%. 

[Claim 6] Optical waveguide according to claim 1 characterized by setting wavelength of said UV laser beam to 1 93nm - 400nm. 
[Claim 7] Optical waveguide according to claim 2 characterized by preparing the field where the refractive index changed 
periodically on said core. 

[Claim 8] Optical waveguide according to claim 2 characterized by considering refractive-index change of said core as 

continuous change. 

[Claim 9] Optical waveguide according to claim 2 characterized by changing the width of face of said core continuously. 
[Claim 10] Optical waveguide according to claim 2 characterized by having considered refractive-index change of said core as 
continuous change, and changing the width of face of said core continuously. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the optical waveguide which used the presentation of waveguide as 

organic and the inorganic hybrid film about optical waveguide. 

[0002] 

[Description of the Prior Art] The presentation of the optical waveguide formed on the flat-surfece substrate is roughly divided, 
and two. an inorganic system and an organic system, are known. The former is making a germanium dioxide, boron oxide, 
phosphorus oxide, etc. dope in order to control the refractive index of a core and a clad for Si02 to a parent. The flame 
depositing method, the CVD method, etc. are known as the creation approach. 

[0003] Moreover, it is an approach using an organic polymer and fluorination polyimide etc. is known so that the latter can form 
the film easily using a spin coat method etc. These fundamental creation approaches are explained below. 

[0004] By the inorganic system waveguide film, Si02 film used as the lower cladding layer (about 20 micrometers in thickness) 
and core layer (thickness of 5-1 1 micrometers, width of face of 5-1 1 micrometers) used as the base of optical waveguide, and an 
up cladding layer (about 20 micrometers in thickness) is first formed with the flame depositing method or a CVD method on Si 
substrate. 

[0005] In order to make a core layer spread light in a core by the single mode, it is made to dope Ge02 in order to give a 
refractive-index difference with a clad (less than 20 volume %. 0.2 - 0.8% of refractive-index differences). The reactive-ion- 
etching method (the RIE method) is used for patterning of a core. 

[0006] By the organic system waveguide film, the film used as the lower cladding layer (about 20 micrometers in thickness) and 
core layer (thickness of 5-1 1 micrometers, width of face of 5-1 1 micrometers) used as the base of waveguide, and an up 
cladding layer (about 20 micrometers in thickness) is formed with a spin coat method on quartz glass or Si substrate. 
[0007] The refractive-index difference of a core and a clad can be easily performed by adjusting the fluorine content in 
fluorination polyimide. The RIE method is used for patterning of a core like an inorganic system. 

[0008] Next, the conventional approach of creating a grating on waveguide is explained. By making a periodic refractive-index 
change cause on waveguide, this reflects the light of the wavelength suitable for the period of the refractive index, except it, has 
the property made to penetrate and is broadly used by optical communication. 

[0009] Drawin g 7 is drawing showing the creation approach of an inorganic system waveguide grating. In inorganic system 
waveguide, it is irradiating UV light at a core, and it is known that the refractive index of a core will increase. This originates in 
UV light acting and an oxygen defect arising in Ge02-Si02 structure included in a core. Generally at this time, refractive-index 
change serves as ten to 3 order. 

[0010] In order to create a grating on this inorganic system waveguide, the phase mask method is used. As shown in drawing 7 . 
the laser beam 51 with a wavelength of 248nm is first outputted from a laser light source 2 (KrF excimer laser made from lambda 
FIJIKUSU), and an attenuator 3 is passed. 

[001 1] Next, a direction is converted by the mirror 5, a beam diameter is adjusted by the cylindrical lens 7, and the phase mask 9 
irradiates. A laser beam 53 is diffracted with this phase mask 9, and the striped diffracted light 55 arises. 

[0012] If the inorganic system photosensitivity waveguide 31 in the condition that the clad 35 was exposed to the lower part of 
the phase mask 9 is installed, a local refractive-index change will take place to the core section 37 in a part with high diffracted- 
light reinforcement. If incidence of the laser beam 61 is carried out from the shaft orientations of this waveguide 31 , outgoing 
radiation of the light Iambdab63 of the wavelength shown in (a formula 1) will be carried out to the incidence edge 39 by Bragg 
reflection. 

[0013] lambdab=2 and neff-lambda (formula 1) 

Here, neff is the core effective refractive index of the grating section, and lambda is the period of refractive-index change of 
waveguide. 

[0014] The concavo-convex pattern with which the phase mask 9 serves as a diffraction grating 13 at either a front face or a 
rear face is formed. This period becomes twice lambda. The creation approach is explained below. 

[001 5] First. Cr thin film is formed in a quartz-glass substrate with a SUPPATA ring or vacuum deposition. Next patterning of 
the Cr thin film is carried out by the electron-beam-lithography method. At this time. Rhine (Cr section) and a tooth space are 
made into the same size method lambda. 2lambda becomes the period of a diffraction-grating train. 

[0016] Then, the quartz of a substrate is etched using the ion etching method by using Cr pattern as a mask, and a slot is 

formed. If an acid removes Cr thin film, the diffraction-grating train 13 will be created on a quartz substrate. 

[0017] On the other hand, since the magnitude of a laser beam 53 is smaller than the die length (it is about 100mm at the 

maximum) of a phase mask, in creating a grating with a die length of about 25-1 00mm, it usually becomes the exposure approach 

which is made to move a mirror 5 and scans a laser beam 53 to the longitudinal direction of the phase mask 9. 

[0018] In organic system waveguide, the refractive-index rise of ten to 2 order is possible by irradiating synchrotron orbital 

radiation (X-ray) at fluorination polyimide. This is considered to originate in reduction of the molecular volume by the desorption 

of a fluorine. 

[0019] The creation approach of an organic system waveguide grating is performed by irradiating synchrotron orbital radiation 
through the X-ray mask which has a diffraction-grating pattern at the polyimide optical waveguide in which the core and the clad 
were formed. In order that synchrotron orbital radiation may show rectilinear-propagation nature, the refractive index of the core 
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section directly under a diffraction grating will rise. 

[0020] Moreover, in the conventional optical waveguide, the refractive index of a core was fixed. Drawing 8 is drawing showing 
the optical waveguide which has the core section 97 of the shape of a curve by the Prior art. As shown in draw ing 8 . it was in 
the condition with which a refractive index and numerical aperture were made consistent so that joint effectiveness with 
components, such as a fiber to connect might be raised, since the conventional optical waveguide had the fixed refractive index 
of the core section 97. and since light leaked to the clad section 98 and it became big loss, it was impossible to have enlarged 
the curvature of the curvilinear section. 
[0021] 

[Problem(s) to be Solved by the Invention] By the way, in the inorganic system waveguide of the above-mentioned configuration, 
since the opposite side vacuum devices and the photolithography process of a low loss are used, creation cost becomes high. 
Moreover, about 1 micrometer is a limitation and thickness cannot do it thickly any more. In organic system waveguide, although 
vacuum devices are not used, since a photolithography is used for formation of a core, creation cost is high [ a loss is high a 
little and ] too. 

[0022] Moreover, since both cannot carry out easily [ control of a refractive index ]. the application range becomes narrow. 
Moreover, since a grating could not be created after patterning of a core, loss of a transparency band could not be suppressed 
by that cause, but there was a trouble that it was also difficult to raise the degree of integration of wiring of optical waveguide. 
[0023] This invention Is made in view of the above-mentioned trouble which the conventional optical waveguide has, and low cost 
and refractive-index control are easy for the purpose of this invention, and are to offer the large optical waveguide of application. 

[0024] 

[Means for Solving the Problem] The above-mentioned technical problem In order to solve, the presentation of waveguide 
Organic and the gap consider as the inorganic hybrid film and choose a mineral constituent from the group who consisted of 
condensation polymerization objects of the condensation polymerization object of a tetra-ethoxy silane and a tetra-ethoxy 
silane. a tetramethoxy silane, and a tetramethoxy silane or one matter — or The optical waveguide characterized by raising the 
refractive index of organic and the inorganic hybrid film is offered by considering as the mixture of two or more matter chosen 
from said group, using an organic component as acrylic resin, and irradiating UV light. The optical waveguide characterized by 
using as a core the part into which the refractive index rose is sufficient 

[0025] According to this configuration, the large optical waveguide of application with easy low cost and refractive-index control 
can be offered. 

[0026] Moreover, it is good also as optical waveguide characterized by preparing on a core the field where the refractive index 
changed periodically. According to this configuration, the optical waveguide which has the grating which reduced loss of low cost 
and the transmitted light is offered. 

[0027] Moreover, the refractive index or core width of face of a core is changed continuously, or it is good also as optical 
waveguide to which the both are both changed continuously. When the direction with the optical waveguide of different core 
width efface can make joint effectiveness high like a fiber and semiconductor laser according to this configuration, the large 
optical waveguide of application Is offered in a part with narrow core width of face — it is large, and the refractive-index 
difference of a core and a clad can be made small in a large part, and can be used for junction of two components. 
[0028] 

[Embodiment of the Invention] The gestalt of suitable operation of the optical waveguide concerning this invention is explained to 
a detail, referring to an accompanying drawing below. In addition, in this specification and a drawing, duplication explanation is 
omitted by ****** which attaches the same sign about the component which has the same functional configuration substantially. 

[0029] (Gestalt of the 1st operation) The process of the organic and the inorganic hybrid film to which a refractive index can be 
changed by UV irradiation is explained first Dra wing 1 is drawing showing the presentation of organic [ concerning the gestalt of 
this operation ], and the inorganic hybrid film. 

[0030] As shown in drawing 1 , the alcoholic solution of the condensation polymerization object of a tetra-ethoxy silane (TEOS) 
or a tetramethoxy silane (TMOS) is used as an Inorganic material A. The solution with which the resin which has the 
dimethylsilane structure In a side chain by using acrylic resin as a principal chain as an organic material B was mixed In alcohol Is 
used. 

[0031] It applies to Si or Si02 substrate with a spin coat method after adjusting an above-mentioned inorganic material A and an 
above-mentioned organic material B to desired viscosity, and organic and the inorganic hybrid film are completed by 100-degree- 
C desiccation for 1 5 minutes. 

[0032] However, an optimum value exists in the mixing ratio of organic and an inorganic material. Drawing 2 shows the acrylic 
silicon resin content dependency of the thickness of organic and the inorganic hybrid film, and a refractive Index. 
[0033] As shown in drawing 2 . the content of an organic material presupposes that It divides Into P field which Is 6% or less, Q 
field which is 6% - 60%, and R field which is 60% or more. In P field, a crack arises on the film. In R field, a wrinkling will occur on 
the film and both surface smooth nature will be lost Therefore, rt Is Q field. I.e.. the range whose content of an organic material is 
6% - 60%. which can be used for optical waveguide. 

[0034] Moreover, it increases as the content of thickness of an organic material increases, and it can be formed to about 7 
micrometers by one spreading. It is 7 micrometers from the thickness in Q field which is the optimal range of the content of an 
organic material, i.e.. about 2 micrometers, that it can be used for optical waveguide. At this time, the range of a refractive index 
is about 1.44 to 1.47, and it is the almost same value as a quartz. 

[0035] Next, how to create optical waveguide using the film adjusted as mentioned above is explained. Drawing 3 is drawing 
showing the creation approach of the optical waveguide S concerning the gestalt of this operation. With the gestalt of this 
operation, a quartz substrate (refractive index 1.45) is used for the lower cladding layer 69. and organic [ of the almost same 
refractive index as a core layer 67 ] and the inorganic hybrid film (20% of organic quantitative formulas, refractive index 1.45) are 
formed. The thickness of a core repeats a spin coat and desiccation twice so that it may be set to about 6 micrometers. 
[0036] Next, the mask 63 (the area which does not want to irradiate UV light is shaded by Cr etc.) as for which the same tooth 
space as the pattern width of face (for example, 6 micrometers) of the core 65 to create was vacant Is arranged on a core layer 
67. 

[0037] The UV laser 61 Is irradiated along with the tooth-space pattern of a mask 63. It has and the UV laser 61 which was Is 
Ar-CW laser (300Frcd(s) made from coherent wavelength of 244nm). The UV laser 61 is one with small (for example. 
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0.5mmx2mm) exposure area, and when drawing die length is larger than this, the means to which a substrate or laser is moved is 
required for ft 

[0038] The exposure of the UV laser 61 was made into 200 J/cm2 with the gestalt of this operation. Consequently, compared 
with the place which is not irradiated, the refractive index increased the core 65 which is the part by which the UV laser 61 was 
irradiated by 1 .4%. This is a value with which 0.2% - 0.8% of refractive-index differences required for a core and a clad is filled 
enough. Moreover, adjustment of refractive-index change becomes possible by changing the exposure of the UV laser 61. 
[0039] Since the part by which the UV laser 61 is not irradiated by the core layer 67 is the same refractive index as the lower 
cladding layer 69. it serves as a flank clad on structure. On this film, organic [ of the same presentation as a core layer 67 ] and 
15 micrometers of inorganic hybrid film are applied from 10 micrometers, the up clad 71 is formed by drying, and optical 
waveguide S is completed. 

[0040] Thus, according to the gestalt of this operation, the core and cladding layer of optical waveguide can be created, and 
since control of a refractive index is easy, the large optical waveguide of application can be created by low cost, without 
completely using vacuum devices and a photolithography process. 

[0041] (Gestalt of the 2nd operation) The gestalt of this operation creates a grating to the optical waveguide created with the 
gestalt of the 1st operation. First, organic and the inorganic hybrid film are created like the gestalt of the 1st operation in the 
procedure shown in drawin g 3 using the alcoholic solution of the ingredient shown in drawing 1 . That is. in the core layer of 
organic [ which was applied with the spin coat method ], and the inorganic hybrid film, UV light is irradiated in the area limited 
using the mask, a refractive index is changed, and a core Is created. Furthermore, the same ingredient is applied as an up clad, 
and optical waveguide is completed. Here, the exposure of UV light was made Into 100 J/cm2. 

[0042] Next the creation approach of a grating is explained, referring to drawing 4 . Prawing^4 is drawing showing the creation 
approach of the grating concerning the gestalt of this operation. In order to create a grating, the phase mask method is used, 
[0043] As shown in drawing 4 . the laser beam 41 with a wavelength of 244nm Is first outputted from a laser light source 1 (Ar- 
CW laser made from coherent), and an attenuator 3 is passed. 

[0044] Next, a direction is converted by the mirror 5. a beam diameter is adjusted by the cylindrical lens 7. and the phase mask 9 
irradiates. A laser beam 43 is diffracted with this phase mask 9, and the striped diffracted light 45 arises. 

[0045] If the optical waveguide 1 1 by organic [ in the condition that the clad 15 was exposed to the lower part of the phase mask 
9 ], and the inorganic hybrid film is installed, a local refractive-index change will take place to the core section 1 7 in a part with 
high diffracted-light reinforcement. If incidence of the laser beam 61 is carried out from the shaft orientations of this waveguide 
11, outgoing radiation of the light Iambdab63 of the wavelength shown in (a formula 1) will be carried out to the incidence edge 19 
by Bragg reflection. 
[0046] 

lambdab=2 and neff-lambda (formula 1 ) 

Here, neff is the core effective refractive index of the grating section, and lambda is the period of refractive-index change of 
waveguide. 

[0047] The concavo-convex pattern with which the phase mask 9 serves as a diffraction grating 1 3 at either a front face or a 
rear face is formed. This period becomes twice lambda. The creation approach is explained below. 

[0048] Rrst, Cr thin film is formed in a quartz-glass substrate with a SUPPATA ring or vacuum deposition. Next, patterning of 
the Cr thin film is carried out by the electron-beam-lithography method. At this time, Rhine (Cr section) and a tooth space are 
made into the same size method lambda. 2lambda becomes the period of a diffraction-grating train. 

[0049] Then, the quartz of a substrate is etched using the ion etching method by using Cr pattern as a mask, and a slot Is 
formed. If an acid removes Cr thin film, the diffraction-grating train 13 will be created on a quartz substrate. 
[0050] On the other hand, since the magnitude of a laser beam 43 is smaller than the die length (it is about 100mm at the 
maximum) of the phase mask 9, in creating a grating with a die length of 25mm - about 100mm. it usually becomes the exposure 
approach which is made to move a mirror 5 and scans a laser beam 43 to the longitudinal direction of the phase mask 9. 
[0051] The marker beforehand formed on the phase mask 9, and a waveguide layer or a quartz substrate performs location 
:((;«c*:4e^ of the phasc mask 9 and optical waveguide 11 (not shown). Usually, the width efface of the diffraction grating 13 
currently formed in the phase mask 9 is very large (for example, about 5mm - 1cm) as compared with the width of face of a core 

[0052] For this reason, a grating will be created by the flank cladding layer of the side face of a core. Since it can press down 
that the light by the side of the short wavelength of the reflective band in a grating leaks to a clad by this, it is effective In 
pressing down loss of a transparency band. 

[0053] moreover, the thing for which the dose of a laser beam is made into 100 J/cm2 — refractive-index change of a grating — 
a core — 7x10-3 — it became large and has exceeded enough 10-3 which is refractive-index change of a qOartz system 
waveguide grating and a fiber Bragg grating. 

[0054] As mentioned above, according to the gestalt of this operation, after forming a core in organic and the inorganic hybrid 
film, it is possible to create a grating further and the applicability of optical waveguide components becomes large. Moreover, 
since a grating can be created also to the flank cladding layer of the side face of a core, it can press down that the light by the 
side of the short wavelength of the reflective band in a grating leaks to a clad, and is effective in reducing loss of a transparency 
band. 

[0055] (Gestalt of the 3rd operation) With the gestalt of this operation, the refractive index of a core is changed continuously and 
the creation approach of optical waveguide which can be used for junction of the optical components from which a core diameter 
differs is shown. 

[0056] The approach of creating organic and the inorganic hybrid film is the same as that of the gestalt of the 1st and the 2nd 
operation. That is, it applies with a spin coat method using the alcoholic solution of the ingredient shown in drawing 1 . 
[0057] With the gestalt of this operation, a quartz substrate is used for a lower cladding layer, and organic [ of the almost same 
refractive index as a core layer ] and the inorganic hybrid film (20% of organic quantitative formulas, refractive index 1.45) are 
formed. The thickness of a core repeats a spin coat and desiccation twice so that it may be set to about 6 micrometers. 
[0058] Next, the core from which a refractive index changes continuously is created. In order to carry out the single mode 
propagation of the light into a core generally. It is necessary to fill (a formula 2). Moreover, (the formula 3) expresses numerical 
aperture NA. 

V=Ka (ncore2-nclad2)l / 2< 2.405 (formula 2) 
NA=a 1/2 (ncore2-nclad2) (formula 3) 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran,web_cgi_eije 



2007/03/19 



4/5 ^— V 



However, Vinormalized radiam frequency, the wave number in Kivacuum. arcore diameter, the refractive index of a ncore:core. 
nclad: The refractive index of a clad [0059] That is. if a core diameter is enlarged, the refractive-index difference of a core and a 
clad may be small, and when making a core diameter small on the contrary, the refractive-index difference of a core and a clad 
must be enlarged. 

[0060] Drawin g 5 is drawing showing the optical waveguide T concerning the gestalt of this operation. Optical waveguide T is the 
optical waveguide to which core width of face and a refractive index were changed continuously. Usually, since the light which 
carries out outgoing radiation from semiconductor laser spreads when connecting a fiber with semiconductor laser, even if it 
shortens distance of a fiber and laser Joint effectiveness is acquired only about 10%. 

[0061] As shown in drawing 5 , organic and the inorganic hybrid film optical waveguide T have the core 83 from which core width 
of face and a refractive index change continuously in order to combine semiconductor laser (LD) 81 and a fiber 87. 
[0062] Light which enlarges core width of face and spreads is made easy to receive, and the core 83 of the side combined with 
LX)81 makes a refractive-index difference small. The core 83 of the side combined with a fiber 87 narrows width of face so that 
opening of a thin fiber may be suited, and it enlarges a refractive-index difference. If it carries out like this, joint effectiveness 
with the thing of different core width of face like LD and a fiber can be raised, 

[0063] Next organic and the creation approach of the Inorganic hybrid film optical waveguide T are shown. First, using the 
alcoholic solution of the ingredient shown in drawing 1 . with a spin coat method, organic and the inorganic hybrid film are applied 
so that thickness may be set to about 6 micrometers, and a core layer is formed. 

[0064] Next, the mask which has the tooth space gradually changed to 8 micrometers is arranged on a core layer at another [ 6 
micrometers and ] edge for patterning of a core (for example, one side). UV light is irradiated along with this tooth-space pattern. 
Used UV light is Ar-CW laser (300Fred(s) made from coherent, wavelength of 244nm). UV light is one with small (for example. 
0.5mmx2mm) exposure area, and when drawing die length is larger than this, the means to which a substrate or laser is moved is 

required for it. 

[0065] An exposure is made into 56 J/cm2 by 100 J/cm2 and 8-micrometer part in 6-micrometer part, and it was made to 
change gradually with the gestalt of this operation in the meantime. An exposure can be considered as follows. 
[0066] The exposure area of laser is 0.5mm in abbreviation die-length [ of 2mm ] x width of face. Since the output of laser is 
50mW, the exposure per unit area serves as 5 W/cm2. When waveguide is longer than the exposure area of laser (for example, 
die length which is 1 cm), and when scanning to the longitudinal direction of laser exposure area, it depends for the exposure in a 
certain part on waveguide on scan speed, 

[0067] That is, exposure area (2mm) / scan speed of the longitudinal direction of the exposure (W/cm2) x laser per exposure 
(J/cm2) = unit area (mm/sec) 
It becomes. 

[0068] In order to change an exposure, it roughly divides and there are two means. One is the approach of adjusting so that a 
laser beam may be made to irradiate through an attenuator and the exposure per unit area may be changed gradually. Other one 
is the approach of fixing the amount of laser radiation and making a waveguide substrate or a scanning speed of a laser beam 
change gradually. 

[0069] Thus, on the created core, organic [ of the same presentation as a core layer ] and 10 micrometers - 15 micrometers of 
inorganic hybrid film are applied, an up cladding layer is formed by drying, and the optical waveguide film from which the refractive 
index and width of face of a core changed continuously is completed. 

[0070] With the gestalt of this operation, since the refractive index and width of face of a core can be continuously changed by 
changing the exposure of UV light to organic and the inorganic hybrid film continuously using the mask to which core width of 
face was changed continuously, the optical waveguide which can be used for the junction with a different core diameter of optical 
components can be offered. 

[0071] (Gestalt of the 4th operation) The gestalt of this operation explains a means to wire optical waveguide like optical wiring 
on a waveguide substrate, using organic and the inorganic hybrid film. In order to arrange a core efficiently on an optical 
waveguide substrate, it is necessary to enlarge the curvature of the core of the curvilinear section. However, if the curvature of 
the small (that is. the refractive-index difference of a core and a clad is small like a single mode fiber) optical waveguide of the 
locked-in effect to the core of light is enlarged, light will leak to a "clad and it will become big loss. 

[0072] With the gestalt of this operation, in order to accumulate optical waveguide efficiently on an optical waveguide base, the 
formation approach of the large (the refractive-index difference of a clad and a core is large) waveguide of the locked-in effect 
of the light of a bending part is explained so that the curvature of the bending part of a core can be enlarged. 
[0073] First, the alcoholic solution of the ingredient shown in drawing 1 is applied on a quartz substrate like the gestalt of other 
operations, and a core layer is formed. Next, a bending part is made into the maximum refractive-index difference, and the core 
to which a refractive index changes from a straight-line part gradually is created. 

[0074] With the usual fiber, since the diameter of the mode field (it is proportional to a core diameter) is about (the refractive- 
index difference of a core and a clad Is about 0.3%) 8 micrometers, the rate of the maximum bending is set to about 4cm. Bend 
radii can be made still smaller if this diameter of the mode field becomes small. 

[0075] However, since single mode propagation is conditions also here, it is necessary to fill (a formula 2). Therefore, a core 
diameter can be made into about 3.7 microns of mins when the refractive-index difference of a core and a clad is made into 1.4% 
at the maximum. The maximum bend radii at this time are set to about 2.5mm. and one 1 6 times [ over the past ] the curvature 
of this is obtained. 

[0076] Drawing 6 is drawing showing the optical waveguide Y concerning the gestalt of this operation, the refractive-index 
difference of core width of face, and the core section 91 and the clad section 93 is changed continuously, and the curvilinear 
section attributes a refractive-index difference size, and optical waveguide Y is small in core width of face, and enlarges 
curvature. 

[0077] Below, the creation approach of optical waveguide Y is shown. First, organic and the inorganic hybrid film are created by 
the same approach as the. gestalt of other operations. That is, using the alcoholic solution of the ingredient shown in drawing 1 , 
with a spin coat method, organic and the inorganic hybrid film are applied to the optical waveguide substrate 95 so that thickness 
may be set to about 6 micrometers, and a core layer is formed. 

[0078] Next, in order to change the pattern width of face of the core section 91, the mask (the part which does not want to 
irradiate UV light is shaded by Cr etc.) from which 8 micrometers is changed in a straight-line part, and the tooth space was 
gradually changed to 3.7 micrometers in the curvilinear part is arranged on optical waveguide. 

[0079] Next. UV light is irradiated along with this tooth-space pattern. Used UV light is Ar-CW laser (300Fred(s) made fi^om 
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coherent wavelength of 244nm). UV light is one with small (for example, 0.5mmx2mm) exposure area, and when drawing die 
length is larger than this, the means to which a substrate or laser is moved is required for rt 

[0080] An exposure is made into 200 J/cm2 by 56 J/cm2 and 3.7-micrometer part in 8-micrometer part, and it was made to 
change gradually with the gestalt of this operation in the meantime. 

[0081] In order to change an exposure, it roughly divides and there are two means. One is the approach of adjusting so that a 
laser beam may be made to irradiate through an attenuator and the exposure per unit area may be changed gradually. Other one 
is the approach of fixing the amount of laser radiation and making a waveguide substrate or a scanning speed of a laser beam 
change gradually. 

[0082] Thus, on the created core, organic [ of the same presentation as a core layer ] and 10 micrometers - 15 micrometers of 
inorganic hybrid film are applied, an up cladding layer is formed by drying, and the optical waveguide film which can make the 
bending part of optical waveguide small, which can be integrated highly and from which the refractive index and width of face of a 
core changed continuously is completed. 

[0083] As mentioned above, since according to the gestalt of this operation the refractive-index difference of the clad of the 
bending part of optical waveguide and a core can be enlarged and width of face of a core can be made small, bend radii can be 
made into 1/16 of the usual single mode fibers. Therefore, the amount of optical waveguide accumulable on an optical waveguide 
substrate can be increased, and low cost-ization is attained. 

[0084] As mentioned above, although the suitable operation gestalt of the optical waveguide concerning this invention was 
explained referring to an accompanying drawing, this invention is not limited to this example. If it Is this contractor. It will be clear 
that it can hit on an idea for various kinds of examples of modification or examples of conrection in the criteria of the technical 
thought indicated by the claim, and it will be understood as what naturally belongs to the technical range of this invention also 
about them. 

[0085] For example, as for the organic material used for organic and the inorganic hybrid film, TEOS, TMOS(s). and those 
condensation polymerization objects could be mixed. It is possible to change the refractive index of organic and the inorganic 
hybrid film by changing an ingredient and its mixing ratio. 
[0086] 

[Effect of the Invention] As explained above, according to this invention, the large optical waveguide of application with easy low 
cost and refractive-index control can be offered. 
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* NOTICES ♦ 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the presentation of organic [ concerning this invention ], and the inorganic hybrid film. 
[Drawing 2] The acrylic silicon resin content dependency of the thickness of organic [ concerning this invention ] and the 
inorganic hybrid film and a refractive index is shown. 

[Drawing 3] It is drawing showing the creation approach of the optical waveguide S concerning the gestalt of the 1st operation. 
[Drawing 4] It is drawing showing the creation approach of the grating concerning the gestalt of the 2nd operation. 
[Drawin g 5] It is drawing showing the optical waveguide T concerning the gestalt of the 3rd operation. 
[ Drawin g 6] It is drawing showing the optical waveguide Y concerning the gestalt of the 4th operation. 
[Drawin g 7] It is drawing showing the creation approach of an inorganic system waveguide grating. 

[Drawing 8] It is drawing showing the optical waveguide which has the core section 97 of the shape of a curve by the Prior art. 

[Description of Notations] 

61 UV Laser 

63 Mask 

65 Core 

67 Core Layer 

69 Lower Clad 

71 Up Clad 

S Optical waveguide 



[Translation done.] 
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